The best conditions for synthesis of starch hydroxypropyl sulphate as per the dry method were firstly established. This was done through a thorough investigation into factors affecting the synthesis including concentrations of both the NaOH catalyst and the 2-hydroxy-3-chloropropyl sulphate along with duration and temperature of the reaction. The resultant newly synthesized 2-hydroxy-3-chloropropyl sulphate was then reacted with starch to obtain starch hydroxypropyl sulphate ultimately. After being characterized by making use of IR spectroscopy analysis and scanning electronic microscope, the starch hydroxypropyl sulphate samples were submitted to evaluation for cationic dye removal using Methylene Blue (MB). Cationic dye removal was studied under a variety of conditions. Factors involved encompass initial dye concentration, duration, sulphur %, pH and adsorbent dose. 100% dye removal could be achieved under certain conditions which were described in the text.
Scheme 1. Structural of methylene blue (MB) dye.
Experimental

Materials
Maize starch was supplied by Cairo Company for Starch and Glucose. Methylen Blue (MB), in commercial purity, were purchased from Aldrich Chemical (Germany), and used without further purification. Sodium bisulphite, hydrochloric acid, sodium hydroxide, epichlorohydrin and ethanol were of analytical grade chemicals.
Preparation of 2-Hydroxy-3-Chloropropyl Sulphate
This compound was prepared via reacting 0.9 mole of sodium bisulphate with 1 mole epichlorohydrin, until one phase under reflux was formed. After cooling to 60˚C -70˚C reaction product was poured into an excess of 96% ethanol. Thus prepared compound was filtered and dried.
Complete transformation of sulphite to sulphate group was effected by oxidizing the product under heating using a ventilating oven.
Preparation of Starch Hydroxypropyl Sulphate
The starches hydroxypropyl sulphate was prepared by reacting starch with 2-hydroxy-3-chloropropyl sulphate, in presence of sodium hydroxide using the dry state technique according to a previous method [16] .
Preparation of Cationic Dye Solution
The dye stock solutions were prepared by dissolving dyes in distilled water to 500 mg/L. The experimental solutions were obtained by diluting the dye stock solutions in proportions to different initial concentrations
Dye Sorption
Adsorption experiments were carried out in a rotary shaker at 150 rpm using 250 mL-shaking flasks containing 50 mL of dye solutions at different concentrations and initial pH values of dye solutions. The initial pH values of the solutions were previously adjusted with 0.1 M HCl or 0.1 M NaOH using a DEEP VERSION model (EI) pH meter. The adsorbent (g) was added to each flask, and then the flasks were sealed up to prevent any change of volume of the solution during the experiments. After shaking the flasks for a predetermined time intervals, the samples were withdrawn from the flasks and the dye solutions were separated from the adsorbent by filtration.
The pH values of the separated dye solutions were again measured and changes in pH values were recorded. Dye concentrations in the supernatant solutions were estimated by measuring absorbance at maximum wavelengths of dye with a Shimadzu ultraviolet visspestrophotometer (Japan).
The dye sorption value (m mol/100g sample) of the treated sample was calculated. The sorption value was calculated using the following equation:
Dye sorption value (m mol dye /100 g sample) = Dye sorption value of starch hydroxypropyl sulphate − Dye sorption value of native starch.
% of dye removal = (Dye sorption value (m mol dye/100g sample)/Initial dye concentratin (m mol dye/100g sample) × 100.
Testing and Analysis
• The sulphite and sulphate contents were determined according to reported methods [24] .
• The chlorine content was determined according to reported method [25] .
• FTIR spectroscopy.
The FTIR spectra were obtained from KBr pellets of native and modified starch samples using FTIR spectro- • Scanning electron microscopy.
By using a scanning electron probe microanalyzer (JXA-840A) JEOL, Tokyo Japan, mages of scanning electron microscopy were studied. The specimens in the form of films were mounted on the specimen stabs and coated with thin film of gold by the sputtering method. The micrographs were taken at magnification of 1000 using 10 kV accelerating voltage.
Results and Discussion
Synthesis of Starch-2-Hydroxypropyl Sulphate
Sodium Hydroxide Concentration
The dependence of the extent of the reaction of starch with 2-hydroxy-3-chloropropyl sulphate (expressed as sulpher %) on the NaOH concentration is shown by Figure 1(a) . The reaction was carried out for 180 min at 80˚C, using starch (25 m mole), 2-hydroxy-3-chloropropyl sulphate: starch molar ratio 0.5:1, and different sodium hydroxide: 2-hydroxy-3-chloropropyl sulphate molar ratios (3.13 -25) .
It is seen (Figure 1(a) ) that, increasing sodium hydroxide concentration based on 25 m mole of 2-hydroxy-3-chloropropyl sulphate upto 18.75 m mole/L enhances significantly the extent of the reaction. Further increase in sodium hydroxide concentration has, indeed, a negative impact on the extent of the reaction, expressed as sulphur percent. The enhancement in the extent of the reaction by increasing sodium hydroxide concentration is rather logical and implies that lower sodium hydroxide concentrations are not sufficient enough to drive the reaction to its maximum. Once the latter is attained higher sodium hydroxide concentrations act in favor of alkaline hydrolysis of the functional group (Equation (3)) of 2-hydroxy-3-chloropropyl sulphate and/or splitting off of the 2-hydroxy-3-chloropropyl sulphate moieties from the starch via alkaline hydrolysis of the chemical bonds linking the starch molecules with these moieties (Equation (4)). Thus, it can be concluded that sodium hydroxide concentrations determine the magnitudes of the desirable reaction (reaction 2) and the side undesirable reactions (reactions 3 and 4) as well (Scheme 2). Figure 1(b) shows the sulphur % of the starch when it was reacted with 2-hydroxy-3-chloropropyl sulphate at different concentrations. The 2-hydroxy-3-chloropropyl sulphate: starch molar ratios used were (0.125 -1.0) with starch (25 m mole) in presence of NaOH: 2-hydroxy-3-chloropropyl sulphate molar ratio (1.5: 1) at 80˚C for 240 minutes. Figure 1 (b) discloses that the extent of the reaction increases sharply as the 2-hydroxy-3-chloropropyl sulphate: starch molar ratio increases upto 0.5 molar ratio. Further increase in concentration, specifically beyond 1.0 is accompanied by a slight increase in sulphur percent. This trend could be interpreted in terms of 1) structural changes in starch which diminish susceptibility of the latter towards further reactions; 2) shortage of accessible starch hydroxyls through their involvement in the reaction with 2-hydroxy-3-chloropropyl sulphate and 3) the possibility that 2-hydroxy-3-chloropropyl sulphate at higher concentrations are more susceptible to alkaline hydrolysis. It follows from this that using 2-hydroxy-3-chloropropyl sulphate at increasing concentration upto 0.5 molar ratio creates conditions where all these possibilities are far from achieving their negative effect after attaining the observed balance. Table 1 demonstrates the effect of duration and temperature on the extent of the reaction (expressed as sulphur %) occurring between 2-hydroxy-3-chloropropyl sulphate and starch in presence of sodium hydroxide. The starch (25 m mole) was reacted with 2-hydroxy-3-chloropropyl sulphate (12.5 m mole) for varying lengths of durations (30 -300 min.) at different temperatures (60˚C -90˚C). The reaction was effected under the influence of NaOH (18.75 m mole).
Concentration of 2-Hydroxy-3-Chloropropyl Sulphate
Durations and Temperature of the Reaction
Results of Table 1 shed insight on the effect of duration and temperature of the reaction of starch with 2-hydroxy-3-chloropropyl sulphate. Obviously the magnitude of the extent of the reaction is determined by the duration and temperature of the reaction. For a given temperature, the extent of the reaction increases by prolonging duration of the reaction upto 180 min. Thereafter, the extent of the reaction tends to level off provided that the temperature does not exceed 70˚C. With higher temperatures (80˚C, 90˚C) the extent of reaction de- creases by prolonging duration beyond 180 minutes. At any event, however, the highest sulphur percent is observed with modified starch sample prepared at 90˚C for 60 min. Sulphur percent values that are very comparable to this highest value could be achieved at 80˚C for 90 min. and at 60˚C for 240 min. This state of affairs reflects the combined effect of both time and temperature on allowing more reactions between starch and 2-hydroxy-3-chloropropyl sulphate. In concomitant with this is the splitting off of the bond linking starch with the 2-hydroxy-3-chloropropyl sulphate moiety and starch as well as deactivation of the etherifying agents in question through hydrolysis under the action of alkali and heat.
Characterization of the Starch-2-Hydroxypropyl Sulphate
Infra Red Spectroscopy
Native starch (NS) and starch hydroxypropyl sulphate (SS) samples having sulphur percent 18.4, were characterized by infrared (IR) spectroscopy analysis. From the IR data shown in the Figure 2 , it can be seen that the band at 829 cm −1 with a shoulder at 940 cm −1 for a symmetrical C-O-S. These peaks cannot be found in the spectrum of the native starch sample. This can obviously powers the vibration assigned to a C-O-SO 3 groups on starch. The shoulder peak at 940 cm −1 indicated the presence of axial sulphate ester [26] - [28] .
Scanning Electron Microscopy
Scanning electron microscopy is the right techniques used for direct observation of microstructure of spherulites of size in the range between 0.1 -10 μm like native maize starch sample shown in Figure 3(a) . It is evident that the sample clearly exhibits its granular structure. Modification of starch via reaction with 2-hydroxy-3-chloropropyl sulphate, changes in contour of the granules of starch as presented in Figure 3(b) . It can be seen that individual granules of starch have joined through the modification process. Figure 4 depicts the effect of initial pH on dye sorption value using starch hydroxypropyl sulphate. Dye adsorption was carried out using starch (0.4 g/50ml) having sulphur content of 18.4% during 70 min. duration. Dye concentration (100 ppm) was examined over of pH value ranging from 2 to 10. Results of Figure 4 signify that the percent value of dye removal increases sharply as the pH increases from 2 to 7 then decreases also sharply thereafter. This is rather logical since at low pH, higher adsorption is associated with increased protonation by the neutralization of the negative charges at the surface of the adsorbent, which, in turn, facilitates the diffusion process and provides more active sites for the adsorbent [7] . At high pH, the dye becomes protonated and the electrostatic repulsion between the protonated dyes and positively charged adsorbent sites is established and results in decreased adsorption.
Utilization of the Starch Hydroxypropyl Sulphate in Cationic Dye Removal
Initial pH
Contact Time of Duration and Initial Dye Concentration
The uptake of MB onto starch hydroxypropyl sulphate as a function of dye concentration was studied using starch (0.4 g/50ml) acquiring sulpher % of 18.4 and pH 7. The results obtained are summarized in Table 2 . By and large the effect of increasing the dye concentration is to decrease the % dye removal. On the contrary prolonging the duration of contact between the dye and the starch derivative in question increases the % dye removal. For instance, 100% dye removal could be attained with an initial dye concentration of 75 ppm after 70 min. On the other hand, 100% dye removal could be achieved after 90 min. and 120 min. with initial dye concentrations of 100 ppm and 125 ppm respectively. This full (100%) removal of the dye could be observed with initial dye concentrations higher than 125 ppm even after 120 min. contact time.
The general tendency of the % dye removal to decrease particularly when the contact time between MB and starch hydroxypropyl sulphate is longer than 40 min., is a manifestation of the increase in the deriving force of the concentration gradient with the increase in the initial dye concentration [29] . The results ( Table 2 ) reveal also that the uptake of MB onto starch hydroxypropyl sulphate increases by increasing the contact time (10 -120 min.). It is understandable that initial adsorption is rapid because the adsorption of the dye occurs initially onto the exterior surface, after that dye molecules enter into pores (interior surface), a relatively slow process [30] . 100% dye removal could be arrived at when initial dye concentrations of 75, 100 and 125 ppm were allowed to be in contact with starch hydroxypropyl sulphate for 70, 90 and 120 min. respectively. Table 3 shows the % dye removal as function of adsorbent concentration. The adsorption of the dye on starch hydroxypropyl sulphate at different concentrations of the latter (0.1 -0.5 g in 50 mL) was investigated. Starch hydroxypropyl sulphate at 70 min. was used. Dye concentration (75 ppm) with sulpur percent 18.4 and at pH 7 were employed for performing dye adsorption. Results of Table 3 show that % of dye removal increases as the adsorbent concentration increases due to the availability of larger surface area with more active functional groups at higher adsorbent dosages. Table 4 displays the % dye removal using starch hydroxypropyl sulphate acquiring different sulphur percents at 70 min, dye concentration (75 ppm) and at pH 7.
Adsorbent Dose
Sulphur Percent
Results of Table 4 feature that the dye removal % increases by increasing the sulphur percent of the adsorbent. This is unequivocally due to the presence of more active functional groups i.e. hydroxypropyl sulphate, in the molecular structure of starch. Needless to say that the sulphur percent is a measure of these functional groups; the higher the sulphur percent is, the higher the functionality of the starch derivatives in question is.
Conclusions
Starch hydroxypropyl sulphate was synthesized using the dry process under a variety of conditions. Factors studied included catalyst concentration and 2-hydroxy-3-chloropropyl sulphate concentration as well as duration and temperature. Based on the results obtained, the best conditions for synthesis of starch hydroxypropyl sulphate derivatives were established; they were 2-hydroxy-3-chloropropyl sulphate: starch molar ratio 0.5:1, sodium hydroxide: 2-hydroxy-3-chloropropyl sulphate molar ratio 1.5:1, at 90˚C for 60 min. Under such conditions, starch hydroxypropyl sulphate with sulphur percent 18.4 could be achieved. Characterization of thus modified starch via IR spectroscopy analysis and scanning electronic microscope was investigated and, difference in contour of the starch granules was verified.
The as-prepared starch hydroxypropyl sulphate derivatives acted as cationic dye removal. The goal was realized starch hydroxypropyl sulphate which had sulphur percent of 18.4 at pH 7. 100% dye removal could be achieved at dye concentrations of 75, 100 and 125 ppm after a contact time of 70, 90 and 120 min respectively in presence of the newly synthesized adsorbent at a concentration of 0.5g in 50 mL.
